Background: Cognitive impairment in patients with schizophrenia is a core symptom of this disease. The computerized CogState Battery (CSB) has been used to detect seven of the most common cognitive domains in schizophrenia. The aim of this study was to examine the reliability and validity of the Chinese version of the CSB (CSB-C), in Chinese patients with schizophrenia.
Introduction
Cognitive impairment is a characteristic feature at all stages of schizophrenia, affecting domains such as, attention, memory, executive function, and processing speed [1, 2] . Since this impairment is largely responsible for the loss of occupational, social and economic wellbeing [3, 4] , restoring cognitive function is widely recognized as an important pharmacological treatment goal [5, 6] . For example, processing speed, one of the most severely impacted domain in patients with schizophrenia [7] , correlates with daily life activities such as [3] , job tenure [8] and independent living status [9] . Furthermore, a recent meta-analysis showed that cognitive impairment could be detected in subjects with prodromal psychosis [10] . For instance, children, who went on to develop schizophrenia in adulthood, displayed problems in verbal reasoning, working memory, processing speed and attention, compared with their peers [11] . Therefore, early detection of cognitive impairment in high-risk or prodromal subjects offers significant benefits for early therapeutic intervention in schizophrenia [12] .
To date, there are few well accepted and comprehensive scales for measuring cognitive function of schizophrenia. The Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) initiative-Consensus Cognitive Battery (MCCB) was developed in 2008, to measure cognitive function in patients with schizophrenia [13, 14] . This battery is approved by the Psychiatry Division of the Food and Drug Administration (FDA) in the USA, as the gold standard for the registration of trials targeting cognition in schizophrenia, and takes roughly two hours to complete by hand [15] . MCCB examines seven cognitive domains impaired in patients with schizophrenia, namely, processing speed, attention/vigilance, working memory, verbal learning, visual learning, reasoning and problem solving and social cognition [13] . However, a Chinese version of the MCCB is not yet available, although testing to validate the MCCB is currently underway.
The CogSate Battery (CSB), is a sensitive, computer based cognitive assessment instrument, suitable for schizophrenia patients aged between 6 and106 years [16] . It takes subjects approximately 40 minutes to complete. Previous studies show that the CSB is sensitive to cognitive impairment in schizophrenia, displaying good stability and reliability, and being largely free of practice effects on repeated applications [17, 18] . The CSB examines the seven cognitive domains found in the MCCB, and there is significant correlation between the subsets and composite scores of the two scales [19] . By contrast, the Chinese version of the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) [20] is typically used in Chinese patients with schizophrenia [21] [22] [23] [24] .
The aim of the current study was to investigate the reliability and validity of the Chinese language version of the CSB (CSB-C), in Chinese patients with schizophrenia. First, the test-retest reliability was assessed by examining inter-subset consistency in healthy controls. Second, criterion validity was examined by comparing composite scores and subsets from the CSB-C and RBANS in patients with schizophrenia and healthy controls. Third, construct validity to detect correlations between the subsets from CSB-C and RBANS in subjects was performed.
Methods

Subjects
Sixty hospitalized schizophrenia participants were recruited from Shanghai Mental Health center (SMHC), Shanghai, China. All patients met the Diagnostic and Statistical Manual of Mental Disorders criteria (DSM-IV) for schizophrenia [25] . Inclusion criteria included: (1) more than 9 years of education; (2) aged between 18 and 45 years of age; (3) Han nationality and proficient at Chinese; and (4) normal or corrected-to-normal vision and hearing. Exclusion criteria included: (1) any physical or neurological illness or trauma which could affect cognitive function (e.g., stroke, seizure, or severe head injury); (2) treatment with cognitive enhancing drugs within 6 months of study entry; and (3) substance dependence other than nicotine. There were no specific medication criteria for inclusion into the patient group. In addition, the Positive and Negative Syndrome Scale (PANSS) [26] was measured in patients with schizophrenia.
Of the recruited patients, 42 of 60 were treated with a single second-generation antipsychotic drug (risperidone, n = 14; olanzapine, n = 11, clozapine, n = 7; aripiprazole, n = 4; quetiapine, n = 3; paliperidone, n = 3; ziprasidone, n = 1), two patients were treated with chlorpromazine and 16 patients with a combination of antipsychotic drugs (olanzapine and haloperidol, n = 2; olanzapine and risperidone, n = 1; olanzapine and aripiprazole, n = 1; olanzapine and chlorpromazine, n = 1; clozapine and sulpiride, n = 1; clozapine and quetiapine, n = 1; clozapine and risperidone, n = 1; risperidone and aripiprazole, n = 1; risperidone and chlorpromazine, n = 1; risperidone and haloperidol, n = 1; haloperidol and quetiapine, n = 1; quetiapine and fluphenazine, n = 1; perphenazine and chlorpromazine, n = 1)
A total of 58 age, gender, and education duration matched healthy controls were recruited from the community. Healthy controls were required to be free of any Axis I disorders according to DSM-IV criteria. None had a first-degree family history of schizophrenia. And the inclusion and exclusion criteria were the same as for schizophrenic patients.
This study was approved by the Institutional Review Board (permission number: 2011-37R) of SMHC to ensure the highest standards of ethical consideration. Prior to commencement of the study, all subjects provided written, informed consent after receiving a full explanation of the study and any potential risks and benefits of study participation. The study was performed in accordance with the Declaration of Helsinki II.
Instruments
The Chinese version of the Cognitive schizophrenia battery(CSB-C) contains eight tasks, including the Detection Task (DET, speed of processing), Identification Task (IDN, attention/vigilance), One Card Learning Task (OCL, visual learning and memory), Two Back Task (TWOB, working memory), International shopping List Task (ISLT, verbal learning and memory), the Groton Maze Learning Task (GML, problem solving/error monitoring), Social Emotional Cognition Task (SEC, social cognition), Continuous Paired Association Learning Task (CPAL, spatial working memory). These tasks are presented on a green screen, along with standardized instructions given by trained researchers before the commencement of each task, to ensure that subjects completely understood and followed the rules. Detailed procedures of the eight cognitive tasks have been described elsewhere [19] . The CSB-C results were uploaded to a secure account on the CogState server site (http://www.Cogstate.com), where data were calculated and normalization transformed (logarithmic transformation for reaction time, arcsine transformation for accuracy). The results of each domain on the CSB-C were calculated into Z-scores, where the healthy control mean was set to zero and the standard deviation to one, following the methodology used by Keefe et al [27] . A composite score was generated, with higher values representing better cognitive performance.
The Repeated Battery for the Assessment of Neuropsychological Status (RBANS) [20] is comprised of 12 subtests. These subsets are used to calculate five, age-adjusted index scores, including immediate memory (list and story memory task), visuospatial/constructional (figure copy and Line Orientation Task), language (Picture Naming and Semantic Fluency Tasks), Attention (Digit Span and Coding Tasks), and delayed memory (List Recall, Story Recall, Figure Recall, and List Recognition task). A higher RBANS score is associated with better cognitive function. The validity and reliability of the Chinese version of RBANS is used as a battery to detect cognitive impairment in patients with schizophrenia [28] [29] [30] . RBANS contains two versions for repeated measurement, and version A was used in this study.
The Social Adaptation Self-evaluation Scale (SASS) is a 21-item, self-reporting scale for evaluating broad areas of social functioning (e.g. spare time, work, family, life coping skills). Response scores range from 0 to 3 again, with higher scores representing better social adjustment [31] . The Chinese version of SASS shows good validity [32] .
WHO-quality of life (QOL) instrument (WHOQOL-BREF) is a 26-item, self-administered questionnaire and is a shortened version of the WHOQOL-100 scale. It measures the four domains of physical health and wellbeing, psychological health and wellbeing, social relationships and environment, with higher scores representing a better quality of life [33] . The Chinese version of WHOQOL-BREF shows good reliability and validity [34] .
Procedures
During February 2012 to October 2012, 60 patients and 58 healthy controls were enrolled. Researchers collected demographic data and performed semi-structured interviews to obtain clinical histories. All subjects completed the CSB-C and RBANS in a quiet room. To prevent fatigue and withdrawal symptoms, subjects were allowed a short break of approximately 5 minutes or a cigarette. Subjects were also required to complete the self-administered SASS and WHOQOL-BREF. All participants completed the tests in their entirety. One month later, 33 healthy controls were retested using the CSB-C.
Data Analysis
Statistical Product and Service Solutions (SPSS) was used for analysis. Continuous variables were examined by t-test and dichotomous variables were analyzed by the Chi-square test for group comparisons. Reliability analysis: Cronbach a value was calculated for internal consistency and Pearson correlation used for test-retest consistency. Discriminant validity: Z-score transformation was used to determine the magnitude of cognitive impairment in schizophrenia patients compared with healthy controls. Criteria validity: Pearson correlation analysis was used for relationships between the CSB-C and RBANS. Construct analysis: exploratory factor analysis was performed in schizophrenia patients. In the schizophrenia group, stepwise General Linear Models (GLM) with the CSB-C composite score as a dependent variable and with demographic data, illness duration, years of untreated psychosis, dosage of antipsychotic drug and PANSS scores as independent variables, were conducted to evaluate factors that impact on cognitive performance. Values of p,0.05 were considered statistically significant.
Results
Demographic and clinical data
There were no differences in demographic data between the two groups ( Table 1) . The illness duration of the patient group was 8.22 6 5.7 years, and the total score on PANSS was 50.48 6 8.92 year old (the mean 6 SD). Patients showed significantly lower total scores on WHOQOL-BREF (t = -4.076, p,0.001) and its Table 2 . Test-retest reliability of CSB-C in healthy subjects (n = 33). four subset scores (p,0.05) compared with healthy controls. By contrast, there were no differences in SASS scores between the two groups. This would indicate that unsurprisingly, patients with schizophrenia suffered a worse quality of life relative to healthy controls ( Table 1) .
Reliability of the CSB-C
All subjects completed the CSB-C battery within approximately 40 minutes. Administration time of the CSB-C was roughly 20 minutes longer than that of the RBANS.
In test-retest analysis, the subsets of TWOB, GML, SEC, SPAL showed significant correlation between test-retest performance, with correlation coefficients of 0.39 -0.62 (p,0.05) ( Table 2) .
In patients, the Cronbach value of CSB-C was 0.81. The correlation coefficient of inter-subsets was 0.10-0.74, while that between composite score and subset was 0.58-0.80 (Table 3) .
Validity of the CSB-C
(1) Discriminant validity. The performances of patients on the CSB-C and RBANS were significantly worse than those of healthy controls (Figure 1, Figure 2) , with the exception of the verbal subset in RBANS. Stepwise GLM showed that the duration of education could independently predict CSB-C composite scores. However, even after accounting for the variable of education, the differences between composite scores from both batteries remained significant (p,0.01).
(2) Criteria validity. The composite score of CSB-C correlated significantly with the equivalent score of RBANS (schizophrenia, r = 0.54, p,0.001; total subjects, r = 0.67, p,0.001) (Figure 3) . In patients, the cognitive domain of attention, measured by DET and IDN on CSB-C, significantly correlated with Attention on RBANS. In the memory cognitive domain, OCL, TWOB, GML and CPAL on the CSB-C significantly correlated with Immediate Memory, Delayed Memory, and Visuospatial/Constructional of the RBANS in patients. The SEC score on the CSB-C correlated significantly with all subscores of RBANS. However, there was no correlation between the ISL score on the CSB-C and any subset of RBANS (Table 4) .
(3) Construct validity. In patients, factor analysis was determined by adopting the Maximum Likelihood extraction methods, with oblique rotation. The Kaiser-Meyer-Olkin Measure (KMO) value for Sampling Adequacy was 0.705, and the chi-value of Bartlett's Test of Sphericity, was 183.86 (p,0.001), which demonstrated common factors in the CSB-C, and therefore exploratory factor analysis was performed. The eigenvalue greater than one rule and scree plot converged in a two-factor solution that accounted for 60.92% of the total variance. Subsets that needed speed, such as DET and IDN were loaded on factor 1. Subsets that needed memory and executive function, such as OCL, TWOB, GML, CPAL, and ISL were loaded on factor 2. The SEC which asked for suitable reactions to social emotional expression, were also loaded on factor 2 ( Table 5) .
Discussion
To our best knowledge, this study is the first to report on the reliability and validity of the Chinese language version of the CSB in patients with schizophrenia. The Cronbach a value of CSB-C was 0.81 (Cronbach value . 0.8 suggestive of good reliability), which demonstrated that the CSB displayed good internal consistency in Chinese schizophrenics [35] . Furthermore, the test-retest reliability of healthy controls showed significant relationships in the subsets of TWOB, GML, SEC, and OCL, indicating good stability for the CSB-C, a finding consistent with previous studies [36, 37] . Falleti et al. [36] reported that the CSB showed good stability, and at an interval of one month, no practice effects in healthy adults. In addition, Hammers et al. [37] showed that CSB had acceptable stability and test-retest reliability with minimal practice effects for patients with dementia. Tasks in the CSB are presented by card, maze and pictures, and only the ISLT requires subjects to first hear and then recall as many words as possible, minimizing the impact of culture [38] . All subjects completed the test within approximately 40 minutes. Administration time of the CSB-C was roughly 20 minutes longer than that of the RBANS, however, the CSB-C assessed three additional cognitive domains. Taken together, these findings demonstrate that CSB-C is an acceptable battery to detect cognitive impairment in Chinese schizophrenics.
Performances on all the subset scores of CSB-C were significantly lower in schizophrenics, compared with healthy controls (about 1 SD magnitude), indicating that CSB-C is capable of detecting cognitive impairment in patients. These findings corroborate previous reports that several domains of cognitive impairment, including attention, learning and memory, executive function, speed of processing, working memory, and social cognition, persist in schizophrenia patients despite antipsychotic treatment [1, 2, 39] . It is this fact that makes the improvement of cognitive impairment a main therapeutic target in schizophrenia.
Composite scores on the CSB-C and RBANS showed significant correlations, even when data were adjusted for years of education. In the attention and speed of processing domain, DET and IDN subscores significantly correlated with Attention on RBANS. In the visuospatial memory and executive function domains, OCL, TWOB, GML, and CPAL, subscores also correlated significantly with Immediate Memory, Delayed Memory, and Visuospatial/Constructional (except for the GML score) in RBANS. In the social emotional cognitive domain, the SEC subscore correlated with all subscores on RBANS. These findings are consistent with previous studies [17, 19, 40] . In healthy adult subjects, CSB and MCCB showed moderate to large correlations, including the domains of processing speed, attention/vigilance, working memory, verbal and visual learning, reasoning/problem solving and social cognition [19] . This study found that social emotional cognition correlated with all subsets in RBANS, mainly because social emotional cognition is an integrated cognitive process, including facial expression memory and recognition, decision-making and problem solving [41] . However, we found no significant correlation between the ISL subset (verbal learning) of CSB-C and any subsets of RBANS. Immediate Memory on RBANS consists of List Learning and Story Memory. The possible reason for this, lack of correlation could be related to intact story memory function. However, we detected a trend for positive correlation of ISL on CSB-C and Immediate Memory on RBANS (r = 0.227, p = 0.09).
Factor analysis revealed two factors on CSB-C. The first, an attention and speed factor included DET and IDN, while the second, memory and reasoning/problem solving contained OCL, TWOB, GML, CPAL, ISL, and SEC. This is consistent with a previous study by Yoshida et al [40] . They performed factor analysis on CSB, in Japanese patients with schizophrenia and identified three factors, with the third factor separating out the SEC subset [40] . This suggests that social cognition may represent a separate cognitive domain in schizophrenia [40, 42] . As mentioned earlier, social cognition is an integrated process, related to encoding, storage, retrieval, reasoning, attention and memory [43] . Therefore, it is reasonable to categorize SEC as a memory and executive factor.
There are some limitations to this study. First, we compared a computerized cognitive test (CSB), against a conventional cognitive test (RBANS). Future research examining the validity of the CSB-C by comparing it with other computerized tests is required. Second, this study found no correlation between social emotional cognition and social adaptation. Since social cognition is an integrated process, assessment of social emotional perception recognition alone, will not provide a complete explanation for this complex process. Third, the sample size of this study was relatively small (n = 60 for the patient group; n = 58 for the control group). Further studies using larger sample sizes will be needed. Fourth, most patients enrolled in this study were medicated. It is well known that antipsychotic medication might affect cognition in patients with schizophrenia [39, 44] . Therefore, it is of interest to measure cognition in drug-naïve patients with schizophrenia or subjects with ultra-high risk.
Recently, Lieberman et al [45] reported that the a7 nicotinic receptor agonist, TC-5619, promoted a beneficial effect in the Groton maze Learning Task (GMLT: executive function) of CSB, in patients with schizophrenia. Therefore, CSB-C would be a useful cognitive battery to assess the therapeutic effects of cognitive enhancers in Chinese schizophrenics [45] . In addition, cognitive impairment has been shown in patients with other psychiatric diseases, including major depressive disorder [46] [47] [48] [49] , bipolar disorder [49] [50] [51] [52] , substance abuse [53, 54] and patients with cancer [55] [56] [57] . Therefore, CSB-C could also prove a useful tool in the measurement of cognitive impairment in these patients.
In conclusion, this study showed that CSB-C is sensitive to cognitive impairment in Chinese patients with schizophrenia, and that the CSB-C composite score correlated significantly with the composite score of RBANS Chinese language version. Therefore, CSB-C is a useful cognitive battery to assess the effects of cognitive enhancers in Chinese schizophrenics.
